We report a modified operative technique termed partial eversion carotid endarterectomy (PECE). During a 9-year period (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015), 352 patients underwent PECE. Indications for surgery, intraoperative details, and outcomes were recorded. The initial 185 patients had carotid duplex ultrasound imaging at 6 weeks and then at 6, 12, and 24 months. Subsequent patients had carotid imaging at 4 to 6 weeks. Indications included stroke (76), transient ischemic attack (153), and amaurosis fugax (33); 58 patients were asymptomatic, and 32 patients had surgery before cardiac surgery. Median clamp time was 14 minutes (interquartile range, 11.5-17 minutes). Median total operation time was 41 minutes (interquartile range, 31-72 minutes). Outcomes included four transient ischemic attacks (1.2%), five strokes (1.4%), and two deaths at 30 days (0.5%). No significant cranial nerve injuries or carotid restenosis was detected during follow-up. PECE is technically straightforward, with outcomes comparable to those of current operative techniques. Its advantages included reduced operative and carotid clamping time. (J Vasc Surg 2017;65:263-6.) Carotid endarterectomy has proved to be an effective surgical intervention for stroke risk reduction.
Carotid endarterectomy has proved to be an effective surgical intervention for stroke risk reduction. 1, 2 The two current surgical techniques are conventional patch technique and the eversion technique. 3, 4 These are well described in the literature and widely used in practice.
We describe a modified technique for performing carotid endarterectomy called partial eversion carotid endarterectomy (PECE). This method uses an oblique anterior wall arteriotomy at the carotid bifurcation, allowing partial eversion of the vessel before an endarterectomy is performed. This technique has advantages of reducing operative and carotid clamping time and does not require patch closure. We have prospectively studied our experience with this technique to support its use and to allow other vascular surgeons to consider adoption of this technique.
SURGICAL TECHNIQUE
All our PECE cases are performed under local anesthesia with a cervical nerve block. A longitudinal oblique incision along the anterior border of the sternocleidomastoid muscle is performed.
After careful exposure and mobilization of the common carotid artery (CCA), internal carotid artery (ICA), and external carotid artery (ECA), each is individually controlled with vascular slings. Sufficient distal dissection past the palpable ICA plaque is needed to allow clamping of the normal soft artery. Circumferential dissection of the carotid vessels is not required to perform the eversion.
Systemic heparinization is performed, and after 2 minutes, DeBakey vascular clamps are applied to the ICA, CCA, and ECA and assessment for neurologic deficit is performed. If a neurologic deficit is detected during ICA clamping, a Javid shunt is employed to maintain cerebral circulation; otherwise, no vascular shunt is routinely used. If required, the shunt can be placed after endarterectomy of the ICA is performed, which is no different with the full eversion technique, but we would place this before endarterectomy of the CCA if indicated. An arteriotomy incision is then made obliquely at the junction of the ICA and CCA, incising the anterior wall of the artery only (Fig 1) . The posterior wall of the artery at the junction remains intact. This is in contrast to the standard eversion technique, in which a complete transection of the ICA at its origin is made.
Next, a Watson Cheyne dissector is passed behind the carotid plaque into the ICA, ECA, and CCA so that the dissector lies between the plaque and the posterior arterial wall, lifting the plaque off the posterior wall. The plaque is then completely divided over the dissector at that level by use of Potts scissors or a scalpel (Fig 2) . The plaque in the ECA is divided immediately distal to its origin.
The distal part of the plaque within the ICA is separated from the vessel wall using the dissector and followed up cranially until it detaches from the vessel wall at its cranial end. Care is taken to create a smooth transition between the native, normal distal vessel and the endartectomized section of artery, in an attempt to limit the development of intimal flaps that may lead to carotid dissection when arterial flow is re-established. With care, it is possible to remove the plaque in one piece. In our series, fracturing of the plaque was uncommon. The anterior wall of the ICA can be inverted to inspect the artery wall at the point where the plaque detached. The use of surgical loupes and directing the theater lights against the lumen allow the operator to see the limits of the endarterectomy inside the ICA, and debris can be picked up with a DeBakey forceps, leaving a clean lumen.
The next step entails removal of plaque from the CCA, which is carried out in a similar fashion to that used in the standard eversion technique (Fig 3) . Any residual debris is removed from the artery wall with fine DeBakey forceps combined with copious heparinized saline flushes. Repeated saline washouts help loosen debris, which can then be removed easily without leaving intimal flaps. We have not needed to use intimal retention sutures.
After each branch of the carotid artery is vented in turn, the arteriotomy incision is closed primarily with a continuous 5-0 Prolene (Ethicon, Somerville, NJ) suture. The clamps are then released in order, and a suction drain is routinely used and inserted for 24 hours. Routine intraoperative imaging is not used. The wound is closed in layers with 2-0 Vicryl (Ethicon), followed by a subcuticular absorbable suture to the skin.
METHODS
During a 9-year period, between October 2006 and October 2015, 352 patients underwent PECE for carotid artery stenosis. All patients were under the care of a single consultant vascular surgeon, who performed the surgery at a single regional vascular center.
All patients who were deemed to benefit from carotid endarterectomy were included without exclusion. All patients had a carotid duplex ultrasound scan, and approximately 22% had computed tomography angiography as their duplex ultrasound scans were inconclusive. In cases in which there is heavy vessel calcification or uncertainty about the accuracy of the degree of stenosis, a second imaging modality might be required. In these cases, the UK National Institute of Clinical Excellence guidance advised two modalities of imaging before carotid intervention. Therefore, computed tomography angiography is used more frequently in the later part of our study. All data were collected prospectively, including gender, age, indication for surgery, clamping time, operation time, shunting, and postoperative complications.
Patients were assessed for neurologic deficit immediately postoperatively, on day 1 after surgery, before discharge from the hospital, and at routine clinic follow-up at 6 weeks.
To assess patients for carotid restenosis (defined as 50% stenosis on carotid duplex ultrasound imaging 5 ), an intensive follow-up protocol composed of carotid duplex ultrasound imaging at 6 weeks and then at 6, 12, 18, and 24 months after surgery was employed. As early results demonstrated no significant rates of restenosis, this protocol was modified after the first 185 patients to a single carotid duplex ultrasound examination at 4 to 6 weeks postoperatively. All patients were consented for the operative procedure by the lead consultant or deputy. Formal ethical approval was waived as this was considered a variant of an accepted operative technique. Departmental ethical approval was granted.
The Shapiro-Wilk test was used to assess for normal distribution of continuous variables. The age of the patients and operative and carotid clamping times were non-normally distributed; therefore, medians and interquartile ranges are reported.
RESULTS
Between October 2006 and October 2015, 352 patients underwent carotid endarterectomy by the PECE technique. There were 219 men and 133 women, with a median age of 71 years (interquartile range, 64-78; range, 48-90 years).
Indication for surgery was carotid artery stenosis $60%, including 262 patients (74%) presenting with a transient ischemic attack (153), amaurosis fugax (33), or stroke (76); 58 patients (16.4%) were asymptomatic, and 32 patients (9.1%) had surgery before cardiac surgery.
In total, 350 cases (99.4%) were carried out under local anesthesia. There was one intraoperative conversion to general anesthesia, and one patient requested general anesthesia.
Median operative time, from initial incision to skin closure, was 41 minutes (interquartile range, 36-43; range, 31-72 minutes). ICA clamping median time was 14 minutes (interquartile range, 11.5-17; range, 7-31 minutes). A selective shunting policy based on neurologic deficit was employed. A Javid shunt was used in 38 cases (10.7%).
There were four (1.1%) perioperative transient ischemic attacks, all of which resolved before discharge of the patient from the hospital.
Five patients suffered postoperative strokes (1.4%); one made a complete recovery and two died (0.5%). In two of these patients, stroke developed before clamping of the carotid vessels. A third patient developed neurologic deficits after clamping but did not improve after shunting and went on to have a stroke and died. One patient was found to have a complete occlusion of his ICA at surgery, and the procedure therefore was abandoned. There were no restenoses in the first 185 cases on postoperative duplex ultrasound imaging at 2 years. However, one patient was found to have had a silent complete occlusion on postoperative duplex ultrasound imaging at 6 months. Similarly, there was no restenosis in the second group, which had a single scan at 4 to 6 weeks. One patient was found to have a small intimal flap in the CCA 2 cm below the carotid bifurcation. The patient was asymptomatic and treated conservatively, and the flap healed uneventfully within 9 months.
Cranial nerve injuries were assessed for immediately after surgery, on day 1 after surgery, and at routine clinic follow-up. No significant cranial nerve injuries were noted in the follow-up period.
DISCUSSION
Our study supports PECE as a safe, effective alternative technique for carotid endarterectomy. We have not experienced difficulty with the eversion of the anterior wall of the artery and found no disadvantage of the posterior wall's remaining in continuity.
The main advantage of PECE is the shorter arterial clamping time required compared with the other two techniques. In only 23 patients was the clamp time $20 minutes. The longest clamp time was due to a tear in the ECA, requiring repair. We found overall operating time to be shorter, which is advantageous for patients undergoing the procedure under both local and general anesthesia.
PECE does not require placement of a patch, removing the potential risk of infection. We did not observe any restenoses in our series. We speculate that restenosis is less likely as the posterior wall of the artery is not divided; therefore, circumferential stenosis is less likely to occur. The literature suggests that the highest incidence rate of restenosis is in the time interval between 3 and 18 months after surgery. 5 Our initial 185 patients were followed up with duplex ultrasound scans up to 24 months; however, because of the lack of restenosis, the follow-up duplex ultrasound scan for the remainder of the cases was limited to 4 to 6 weeks. A disadvantage we perceive with PECE is in cases in which there are two separate "tandem" lesions, one at the carotid bifurcation and another more cranially. In these patients, it may not be possible to be entirely satisfied of complete removal of the second plaque. In these rare cases, we recommend conversion to the standard eversion technique. In our series, there were four conversions to the standard eversion technique, and these were within the 2 years of establishing PECE.
Only one case required conversion to general anesthesia because the patient became unstable after the application of the clamps. A shunt was placed in this case.
In cases requiring a shunt, we did not find the placement of a Javid shunt to be more difficult than with either of the established techniques. We did not encounter any significant cranial nerve injuries in our study. We believe this is due to the senior author's considerable experience rather a distinct advantage of the technique. We anticipate that PECE will have a short learning curve (around 15 cases) for experienced vascular surgeons because of the similarities with well-established techniques. The eversion technique has been widely studied and supported by large studies, including the Eversion carotid Endarterectomy vs Standard Trial (EVEREST trial). 5 We would recommend completion imaging to confirm adequacy of the endarterectomy during the initial learning curve. Contraindications to PECE may include deep calcification of the carotid plaque, although this has not been our experience. Other contraindications include excessive redundant ICA following the endarterectomy. This is uncommon, 6 and we had no cases with significantly redundant ICA. However, if required, a complete eversion and resection of the redundant artery can be performed. Similarly, a very long carotid plaque may be unsuitable for the PECE technique, as reaching and defining an end point may not be possible. Conversion to the eversion technique would be recommended in this scenario.
Limitations of the study include that the procedure has been performed only by the senior author in a single center and the absence of long-term follow-up to assess for late carotid restenosis. This was not feasible outside of a funded clinical study.
CONCLUSIONS
PECE is a modified technique that is simple to perform and, in our experience, has outcomes comparable to those of established operative techniques. PECE reduces both clamp and operation time, an important factor in patients undergoing the procedure under local anesthesia. PECE provides a useful additional strategy in performing carotid endarterectomy.
